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Renal calcitonin receptors and adenylate cyctase in rats immunized
against tubular basement membrane. Brown Norway rats were im-
munized against tubular basement membrane (TBM) in order to
obtain an experimental model of renal receptor disease in which in
vitro and in vivo effects of calcitonin (CT) and parathyroid hor-
mone (PTH) could be correlated. Tubular receptors for CT and
tubular PTH- and CT-sensitive adenylate cyclase were studied in
tubular membranes purified from these immunized rats which were
killed at different intervals following immunization. Localization
of anti-TBM antibodies was verified by immunofluorescence. Re-
sults were compared with those obtained in control rats. Binding of
calcitonin labeled with 1—125 (['25l]CT) to tubular membranes was
measured as a function of time, hormonal concentration, and
receptor concentration in the milieu. In all cases, the binding was
markedly diminished in immunized rats. This resulted from a
decrease both in the number of receptor sites and in the affinity for
CT. Degradation of ['251]CT was similar and less than 10% in both
preparations. Tubular basal adenylate cyclase activity was un-
changed. Adenylate cyclase stimulation in the presence of PTH or
CT was completely abolished, whereas some fluoride stimulation
persisted. Similar differences were observed when membranes from
control rats were preincubated with IgG from rabbits immunized
against TBM and the results obtained compared with those ob-
served after preincubation with lgG from control rabbits. Plasma
creatinine concentration and fractional clearance of phosphate
were greater in immunized than in control rats. Administration of
PTH in vivo produced no increase of phosphate and cyclic 3'—5'
adenosine monophosphate (cAMP) excretion in immunized rats in
contrast to the results obtained in the control group. This data
shows that the renal disease observed in Brown Norway rats after
anti-TBM immunization affects the renal receptors for PTH and
CT. Such a model would allow one to determine the role of both
hormones in renal adaptation to a moderate renal failure.
Récepteurs rénaux de Ia calcitonine et adenylate cyclase chez des
rats immunisés contre les membranes basales tubulaires. Des rats
Brown Norway ont étó immunisés contre les membranes basales
tubulaires (TBM) de facon a obtenir un modéle experimental de
maladie des rCcepteurs rénaux grace auquel les effets in vitro et in
vivo de Ia calcitonine (CT) et de l'hormone parathyroidienne
(PTH) pourraient Ctre corrélés. Les rCcepteurs tubulaires de Ia CT
et l'adenylate cyclase tubulaire sensible a Ia CT et a Ia PTH ont été
étudiCs a partir des membranes tubulaires purifiCes provenant de
ces rats imniunisés sacriflés a des temps variables après
l'immunisation. La localisation des anticorps anti-TBM fut vCrifiée
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par immunofluorescence. Les résultats ont etC compares avec ceux
obtenus chez les rats tCmoins. La fixation de Ia ['211]CT aux
membranes tubulaires fut mesurCe en fonction du temps, de Ia
concentration hormonale et de Ia concentration de rCcepteurs dans
Ic milieu. Dans tous les cas, cette fixation Ctait considérablement
diminuCe chez les rats immunisés en raison d'une diminution a Ia
fois du nombre de récepteurs et de leur affinité pour Ia CT. La
degradation de Ia [1251] CT était identique et inférieure a 10% dans
les deux preparations. L'activitC basale de l'adenylate cyclase tubu-
laire était inchangCe. La stimulation de l'adenylate cyclase par Ia
PTH ou Ia CT était complètement abolie alors que celle par Ic
fluorure persistait. Les mCmes differences furent observées en pré-
incubant des membranes de rats témoins avec des IgG de lapins
immunisCs contre les TBM et en comparant les rCsultats avec ceux
obtenus aprCs prCincubation avec des IgG de lapins normaux. La
concentration de créatinine dans Ic plasma et Ia clearance fraction-
nelle des phosphates étaient plus élevées chez les rats immunisés
que chez les rats témoins. L'administration de PTH in vivo ne
produisit aucune augmentation de l'excrCtion urinaire des phos-
phates ni de celle de I'AMP cyclique chez les rat immunisés con-
trairement aux donnCes obtenues chez les rats témoins. Ces rCsul-
tats montrent que Ia maladie des reins observée chez les rats Brown
Norway après immunisation contre les TBM modifie les récepteurs
rénaux de Ia PTH et de Ia CT. Un tel modCle devrait permettre de
préciser Ic role de ces deux hormones dans l'adaptation rCnale a
une insuffisance rCnale modérCc,
Specific receptors for calcitonin (CT) [1—3] and
CT-sensitive adenylate cyclase [4, 5] have been clearly
demonstrated in cellular membranes purified from
rat kidney cortex. The relationship between the bind-
ing of this hormone to its receptors and the stimula-
tion of adenylate cyclase has also been suggested by
Marx and Aurbach [6] from two indirect evidences:
same range of hormonal concentration and similar
relative potentialities of calcitonin analogues for both
binding and stimulation of adenylate cyclase, and the
parallel loss of binding and of hormonal sensitivity of
the enzyme after Lubrol treatment. We tried to ob-
tain an experimental model in the rat that would be
devoid of CT receptors in order to correlate further
the absence of binding and adenylate cyclase stimula-
tion in vitro with physiologic disorders in vivo. This
model was obtained after active immunization of
Brown Norway rats with heterologous tubular base-
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ment membrane (TBM). The immunologic and path-
ologic study of this experimental nephritis has been
already performed by Lehman, Wilson, and Dixon
[7].
Methods
Preparation of the experimental rats. Male, Brown
Norway rats of 110 to 130 g body wt (purchased from
the Centre National de la Recherche Scientifique,
Orleans, France) were injected with a preparation of
bovine TBM, purified according to the technique of
Mahieu and Winand [8] with minor modifications: In
short, the outer renal cortex of a bovine kidney,
stored frozen at —70°C after slaughtering, was dis-
sected and minced to a paste-like consistency. Tu-
bules, separated from glomeruli by using a 115-mesh
sieve, were then crushed in a Potter apparatus and
sonicated (Branson sonifer, model W 185D, Branson
Sonic Power Co., Danbury, CT) at position five for
three minutes. TBMs were isolated by five successive
centrifugations (Xl,700 g during ten minutes) in
phosphate-buffered saline, pH 7.5: 2.4 mrvt monobasic
sodium phosphate; 7.6 mrvi disodium phosphate; 126
m sodium chloride (PBS). The final pellet was
lyophilized and stored at —20°C. Five milligrams of
IBM in 0.5 ml of PBS were mixed with an equal
volume of complete Freund's adjuvant and injected
s.c. at six different sites (both hind legs and along the
backbone). Bordetella pertussis vaccine, 0.2 ml
(Parke Davis, Detroit, Ml), was injected intra-
dermally in the vicinity of the s.c. injection sites.
Control, Brown Norway rats were injected with
Freund's adjuvant and Bordetella pertussis vaccine
only, according to the same technique. Seven control
and seven immunized rats were killed 9, 12, 21, 35,
and 40 days following the date of immunization, and
their kidneys were removed. A blood sample was also
obtained to test for the presence of anti-IBM anti-
bodies, using the indirect immunofluorescent tech-
nique. Kidney sections from normal, Brown Norway
rats were first incubated with progressive dilutions of
serum from immunized rats, washed, and then in-
cubated in the presence of fluorescent anti-rat IgG.
The titer of rat serum was the greatest dilution that
provided a positive immunofluorescence. A kidney
section of each immunized and of each control rat
was also incubated in the presence of fluorescent anti-
rat IgG to verify the binding of anti-IBM antibodies
along IBM in the immunized rats and the absence of
binding in the control rats.
Calcitonin binding studies and adenylate cyclase as-
say. lubular membranes were purified from the renal
cortex of immunized and control rats according to
the technique of Fitzpatrick et al [9]. The validity of
this technique has been tested in a previous study [5].
Salmon Cl was iodinated using the chloramine I
method [10], and its binding to tubular membranes
was measured, as previously described [3]. Adenylate
cyclase activity was assayed under basal conditions,
in the presence of 102M sodium fluoride and in the
presence of 106M salmon Cl (Sandoz, Basel, Swit-
zerland, or Armour, Kankakee, IL, USA) or 106M
synthetic 1—34 fragment of bovine parathyroid hor-
mone (PTH) (Beckman, Geneva, Switzerland). Ihe
purified membranes (l00tg of membrane protein per
tube) were first incubated with the hormone or fluor-
ide for 20 mm in 100 m Iris-hydrochloric acid, pH
7.4, at 22°C. The reaction was then started by adding
adenosine triphosphate (AlP) and [a32P]-AIP. Ihe
conditions of adenylate cyclase assay have been de-
tailed in a previous study [5]. Protein concentration
was determined by the method of Lowry et al [111
with bovine serum albumin as a standard.
Membranes from control rats were also incubated
in the presence of IgG obtained from the serum of
either immunized or control rabbits. Immunization
was performed in the same conditions as in the rat
with bovine IBM. The rabbit was chosen in order to
obtain a high titer of anti-TBM antibodies, since in
Brown Norway rats, circulating antibodies may be
taken up by the kidneys. Ihe antiserum selected had
a titer of 1/400. IgG fraction was separated from
these serums by precipitations with 50% saturated
ammonium sulfate, redissolved in PBS, and dialyzed
against repeated changes of this buffer during 24 hr.
Samples of tubular membranes were incubated for 30
mm at 30°C with IgG (tubular membranes, 4 mg;
IgG, 10 mg) in 1 mrvi EDIA, 0.25M sucrose, 10 mM
Iris-hydrochloric acid, pH 7.4. Ihe preparation was
then washed three times with the same buffer. These
preincubated and washed membranes were tested for
Cl-binding and adenylate cyclase activity in the same
conditions as mentioned above.
Cl-binding (fentomole of CI) and adenylate cy-
clase activity (picomole of cyclic 3', 5'-adenosine
monophosphate per 10 mm) were usually related to
one milligram of tubular membrane protein. This
mode of expression could be considered as valid since
the amount of Cl bound and the rate of adenylate
cyclase activity were both linearly related to the
amount of tubular membrane protein as well with the
membrane purified from control rats as with those
obtained from immunized animals (Fig. 1). In some
experiments, sodium and potassium-activated adeno-
sine triphosphatase (Na-K-ATPase) activity present
in the membranes was also measured according to the
technique of Post and Sen [12]. Ihis enzyme was
chosen so that Cl-binding and adenylate cyclase ac-
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Fig. 1. Specific binding of ['251}-calcitonin to tubular membranes
purified from either control (open circles) or immunized rats (closed
circles) vs. the amount of tubular protein. The two regression lines
are shown. Their coefficients of correlation are +088 and +0.90,
and their slopes are 154 and 6.1 fmole per ig for the control and
the experimental preparations, respectively.
tivity could be related to a specific marker of tubular
membranes.
Degradation of [125!] salmon CT present in the
incubation milieu was measured using binding to an
excess of specific antibody. This antibody had been
raised in the guinea pig and was used at 1/400 final
concentration. This concentration produced more
than 90% binding of the intact hormone. Bound and
free hormones were separated after 48 hr incubation
by dioxane precipitation [13]. Degradation was si-
multaneously studied with [125!] salmon CT either in
the presence or in the absence of membranes. The
mode of expression chosen was the ratio of the per-
centage of bound hormone incubated with purified
membranes over that incubated without purified
membranes.
In vivo studies. In the rats just described for in vitro
experiments, blood and urine samples were collected
immediately before killing the rats. In each sample,
phosphorus and creatinine concentrations were mea-
sured on an autoanalyzer (Technicon), using the cur-
rent procedures. Plasma calcium concentration was
measured with an atomic absorption spectro-
photometer (Perkin Elmer, model 300). Fractional
clearance of phosphate was calculated according to:
U04 X Pr/Ucr X Po4,
where U04 and Ur are the urinary concentrations
and Pp04 and Pcr are the plasma concentrations of
phosphorus and creatinine, respectively. Plasma
immunoreactive PTH and plasma immunoreactive
CT were also assayed but only in the groups sacri-
ficed 21 and 35 days after immunization. PTH was
measured using an heterologous system [14] with
highly purified bovine PTH, both as tracer and Stan-
dard, and anti-bovine PTH antibodies raised in the
guinea pig at a final dilution of 1/60,000. The bound
to free ratio (B/F) curves for decreasing dilutions of
rat serum or increasing doses of rat parathyroid
gland extracts were superimposable on B/F curves
obtained with highly purified bovine PTH, indicating
indistinguishable immunologic identities of bovine
and rat PTH, as detected with this antiserum. CT was
also measured using an heterologous system [15] with
synthetic human CT as both tracer and standard and
antihuman CT antibodies raised in the goat at a final
dilution of 1/100,000. It has been previously demon-
strated that rat CT is closely related to human CT,
allowing antisera against human CT to be used in rat
CT assay [16].
A special group of animals was used to test the
effects of exogenous PTH. Seven control and seven
experimental rats were immunized as stated above.
Fifteen days after immunization, they were placed in
individual metabolic cages for the three following
days in order to collect daily the urine excreted. At
the end of this observation period, blood was sam-
pled; and immediately after, each rat was given 2 ml
of distilled water via a catheter inserted into the stom-
ach. The urethra was then tied under a short and light
ether anesthesia and 12 IU of bovine parathyroid
extract (Eli Lilly and Co., Ltd.) was injected s.c. Two
hours later, the rats were anesthetized, the two ure-
ters tied, and the bladder removed for collection of
the urine excreted during this period. Blood samples
were also collected from the aorta. Renal tissue from
these rats was not used for preparation of tubular
membranes but only for the immunofluorescent con-
trol of immunization. Phosphorus and cyclic AMP
were assayed in urine and plasma to determine the
renal effects of PTH and creatinine in plasma to
estimate whether or not there was a renal in-
sufficiency. Samples for cyclic 3', 5'-adenosine mono-
phosphate (cyclic AMP) determination were kept in
the presence of theophylline (5 m, final dilution).
Cyclic AMP was measured according to Gilman [17],
using the kit supplied by the Radiochemical Center
(Amersham, Great Britain).
Results
Immunofluorescence and pathology. All the immu-
nized rats, whatever the date of death, had circulating
anti-TBM antibodies. Their titer was relatively low in
the range of 1/10 to 1/50. This may be explained by
the renal uptake of these antibodies. Interstitial neph-
ntis developed in rats immunized with bovine TBM,
and its characteristics were similar to those pre-
viously described by Lehman et a! [7]. The histologic
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Fig. 2. Linear deposit of rat IgG along tubular basement membrane. No fluorescence is observed
in the glomerulus (magnification, X250).
lesion showed tubular atrophy, mononuclear cell in-
filtrate in the interstitium, and no glomerular abnor-
mality. The same pattern was observed in all immu-
nized rats, whatever the time elapsed after
immunization. Direct immunofluorescence of kid-
neys revealed linear deposits of IgG along TBM of
renal tubules (Fig. 2). All proximal tubules identified
by the presence of the specific brush border antigen
[18] and 10 to 20% of distal tubules were surrounded
by anti-TBM antibodies. There was no deposit along
the glomerular basment membrane (GBM). Deposi-
tion of IgG was also observed in the final preparation
of purified tubular membranes. This was interpreted
as resulting from the presence of some similar anti-
gens in both TBM and tubular cell membrane. No
0
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deposit of IgG was found in kidney sections or final
membrane preparations from control rats.
Calcitonin-binding and adenylate cyclase activity in
preparations of tubular cell membranes purified from
immunized and control rats. Binding of [125!] salmon
CT to the membranes purified from immunized rats
was markedly decreased. In time-course studies (Fig.
3) performed at a concentration of 200 M [1251]
salmon CT, the steady state was more rapidly
reached than with the control preparation, and the
level of the plateau was much lower, always less than
15% of that observed with the membranes from con-
trol rats. Binding was also measured at equilibrium
(120 mm) as a function of [125!] salmon CT concen-
tration in the milieu. At each concentration, binding
was clearly lower with the membranes from immu-
nized rats (Fig. 4). The value of the apparent dis-
sociation constant (KD) and the number of receptor
sites were calculated using the Scatchard transforma-
tion of the data. Table I shows that both parameters
were modified. The number of sites was approxi-
mately 50% less, and the KD value four times greater
with the preparation from immunized rats. This dem-
onstrated that both the affinity of the receptor for CT
and the number of sites were diminished. The effect
of receptor concentration on CT-binding at equilib-
rium and with 200 M [125!] salmon CT in the in-
cubation milieu was also investigated (Fig. 1). Bind-
ing was linearly related to the amount of tubular
membrane protein, using either the experimental or
the control preparation. The coefficients of correla-
tion were close to unity in both conditions (r = +
60
Time, rn/n
Fig. 3. Specific binding as a function of time of ['251]-calcitonin to
tubular membranes pur/.fied from immunized (crosses) and control
(closed circles) rats. Each point is the mean of duplicates.
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0.88 with the control preparation and +0.90 with the
experimental preparation for eight coupled values).
The slopes of the regression line corresponding to the
control preparation (15.4 fmole/tg of receptor pro-
tein) were slightly more than twice that obtained with
the experimental preparation (6.1 fmole4tg of recep-
tor protein).
Degradation of 200 M [1251] salmon CT was also
studied after 120 mm's incubation. Table 2 shows
that degradation was very slight and similar in both
preparations when tested in the presence of the same
amount of tubular membranes. The results con-
cerning binding and degradation of [12511 salmon CT
observed with each group, immunized and control
rats, respectively, were similar within a given group
whatever the time elapsed after immunization (Table
2).
Adenylate cyclase activity under basal conditions
was not significantly different in both groups and was
also unchanged within each group whatever the date
of death of the rats. In the control group, an eight to
ten-fold stimulation was observed in the presence of
l02M sodium fluoride, Stimulation by 106M PTH
After
immunization
Dissociation constant (K0)
IO M
Number of sites
fmole/mg
Control ImmunizedControl Immunized
days rats rats rats rats
9 0.162 0.835 78 7
12 0.512 2.20 153 94
21 0.492 2,23 83 56
35 0.476 1.62 81 47
40 0.570 1.11 95 69
Mean + SCM 0.442 0.072 1.60 + 0.28 98 14 55 14
test P < 0.01 P < 0.01
was lower, reaching three to seven-fold basal activity.
Stimulation by l0M CT was even lower, reaching
two to three-fold basal activity. In the experimental
group, stimulation in the presence of PTH or CT was
completely suppressed. Some degree of stimulation
by fluoride persisted, but much lower than in the
control group since basal activity was multiplied only
two or three times. The same results were observed
within each group, whatever the date of sacrifice of
the rats (Fig. 5). Basal, CT- and fluoride-sensitive
adenylate cyclase activities were respectively mea-
sured as a function of the amount of tubular protein.
These three activities increased linearly with both
preparations. When tubular membranes from control
rats were used, the three corresponding regression
lines were clearly separated, the smallest being ob-
tained with basal adenylate cyclase activity, the great-
est slope with fluoride-sensitive activity, and the in-
termediary slope with CT-sensitive activity. When
tubular membranes from immunized rats were stud-
ied, the regression lines corresponding to basal and
Table 2. Degradation of calcitonin labelled with iodine—125 present in the incubation milieua
Intact hormone after 120 mm incubationb, % Membrane protein concentration, mg/mi
After immunization, days Control rats Immunized rats Control rats Immunized rats
9
12
21
35
40
Mean + SCM
(test
93.3
95.5
96.0
88.0
96.0
93.8 1.52
NS
95.1
96.0
95.6
87.5
97.4
94.3 1.74
0.178
0.184
0.479
0.443
0.202
0.297 0.067
NS
0,276
0.213
0.383
0.436
0.198
0.301 0.047
Student's I test for coupled data was used to compare the means of each group of rat (control vs. immunized). NS = not significant.
b Percentage of intact hormone represents the percentage of radioactivity present in the incubation milieu bound to an excess of specific
anti-CT antibody.
Table 1. Indexes of binding of calcitonin labelled with iodine 125
to tubular membrane receptorsa
10- 10—10 1
[11] -calcitonin concentration, M
Fig. 4. Specific binding of ['25!l-caicitonin vs. the conCentration of
this tracer in the incubation milieu. Preparations of tubular mem-
branes were purified from immunized (crosses) and control (closed
circles) rats. Each point represents the mean of duplicates. a KD values and number of sites were calculated from the Scat-
chard transformation of the data obtained in binding vs. hormonal
concentration studies. Student's (test for coupled values was used
to compare the means of each group of rats (control vs. immunized).
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Fig. 5. A deny/ate cyclase activity under basal conditions (open rectangles), in the presence of
1O°M salmon calcitonin (dark rectangles). /0°M 1 to 34 bovine parathyroid hormone (dotted
rectangles) or /O-2M sodium fluoride (cross-hatched rectangles) at different times after the date of
immunization in control (left) and immunized (right) rats. The vertical bars indicate for each
group twice the standard error of the mean.
anti-rabbit IgG detected rabbit IgG on tubular mem-
branes previously exposed to anti-TBM fraction,
whereas no fluorescence was seen with the control
preparation. [125!] CT-binding measured as a function
of time was clearly decreased when the membranes
were preincubated with anti-TBM IgG. At equilib-
rium (120 mm), binding was approximately 30% less
(Fig. 7). Previous binding of anti-TBM IgG to the
purified membranes did not produce any change in
basal adenylate cyclase activity but diminished
clearly CT- and PTH-sensitive activities (Table 3). In
these in vitro experiments, similar results were ob-
tained whatever the mode of expression chosen, i.e.,
both when binding and adenylate cyclase activity
were related to the amount of tubular membrane
protein or to the value of Na-K-ATPase activity mea-
sured in the same amount of membrane.
In vivo studies. All immunized rats had elevated
plasma creatinine concentrations when compared to
control rats. Plasma phosphate and plasma calcium
concentrations were no different in both groups. The
fractional excretion of phosphate was much higher in
immunized than in control rats. There was no differ-
ence within each group when the rats sacrificed at
different times were compared (Table 4). Plasma PTH
was greater (P < 0.01) in immunized (0.93 0.07
ng/ml) than in control (0.59 0.07 ng/ml) rats,
CT-sensitive activities were superimposed, whereas
that obtained with fluoride-sensitive activity was
markedly higher (Fig. 6).
Calcitonin-binding and adenylate cyclase activity
observed with tubular membranes purified from control
rats in the presence of IgG from either immunized or
nonimmunized rabbits.
120
'I
100
S /80- /
'60- /
-v , /40 / /*
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Protein per tube, .ig
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Immunofluorescence using
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Fig. 6. A deny/ate cyclase activity under basal conditions (open cir-
cles) in the presence of 10°M salmon calcitonin (crosses) and in the
presence of 1O_2 fluoride (closed circles) vs. the amount of protein
contained in tubular membranes purified from control (a) or immu-
nized (b) rats. Each point is the mean of three values. The regres-
sion lines are shown.
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Fig. 7. Specific binding as a function of time of ['251]-calcitonin to
preparations of tubular membranes purified from normal rats after
incubation in the presence of lgG extracted from serum of either
control (closed circles) or immunized rabbits (open circles). Rabbits
were immunized with bovine tubular basement membrane. Specific
binding is expressed as fmoles of hormone bound per activity unit
of sodium-potassium activated adenosine triphosphatase (smoles
of P1 formed per mm). Each point represents the mean of tripli-
cates, and the vertical bar represents twice the standard error of the
mean.
whereas plasma CT was not significantly different
(0.26 0.06 and 0.18 0.02 ng/ml in immunized
and control rats, respectively). Administration of
bovine parathyroid extract did not modify plasma
creatinine in both groups, whereas its effects on phos-
phorus and cyclic AMP renal excretion were clearly
different. These last two parameters significantly
increased in control rats but remained unchanged
in the immunized group. For these comparisons,
phosphorus and cyclic AMP renal excretions be-
fore parathyroid extract injection were estimated
from the urine samples collected during the last day
spent by the rats in metabolic cages (Table 5).
Basal
conditions
Adenylate cyclase activity
pmole ofcAMP/JO mm/mg
with with
lO-6M CT l0-6M PTH
lgG from normal
rabbits
lgG from immun-
ized rabbits
249.0 + 28.1
255.4 29.4
512.5 47.3 651.0 64.8
226.8 18.9 176.9 12.6
Discussion
The present results show that CT-binding is clearly
diminished and that stimulation of adenylate cyclase
activity by CT and PTH is abolished in the tubular
membranes prepared from immunized rats. Binding
and adenylate cyclase data were in most experiments
related to the weight of tubular membrane protein.
This mode of expression and the difference observed
between control and immunized rats can be consid-
ered as valid only if the amount of protein per unit
weight of cell membrane is similar in both groups.
The fact that basal adenylate cyclase activity per mg
of tubular protein was not different supports this
assumption. Moreover, binding of [125!] CT and CT-
sensitive adenylate cyclase were linearly related to the
amount of tubular protein, whatever the group con-
sidered. The ratios of the slopes of the regression lines
(control over experimental preparation) were in both
experiments (CT-binding and CT-sensitive adenylate
cyclase assay) in good agreement with the ratio of the
number of sites calculated from Scatchard's plots. In
the experiments with preincubation of the mem-
Table 4. Renal function in control and immunized rats at different times after immunizations
Plasma creatinine
mg/liter
After
immunization Control Immunized
Plasma calcium
mg/liter
Plasma phosphate
mg/liter
Phosphate clearance
Creatinine clearance
%
Control Immunized Control Immunized Control Immunized
days rats rats rats rats rats rats rats rats
9 5.21 0.15 11.07 1.39 97.2 0.7 96.3 2.5 76.5 4.7 60.9 1.1 2.6 0.6 23.0 + 4.0
12 5.07 0.17 11.75 1.38 96.7 + 1.5 98.4 2.5 68.5 2.3 74.2 5.2 5.3 0.8 36.0 3.2
21 6.80 0.17 13.70 0.77 97.0 0.8 103.0 2.0 82.3 3.2 71.3 + 3.9 11.0 + 2.0 24.6 + 6.0
35 5.08 0.18 10.70 + 0.66 — — 74.8 1.8 75.7 2.2 4.7 1.4 28.8 6.3
40 6.13 0.13 10.75 0.72 103.4 2.5 103.6 2.3 65.8 0.3 72.8 4.8 6.6 0.3 23.8 2.8
Variance analysis:
Between days NS NS NS NS
Between groups P< 0.01 NS NS P < 0.01
Results are expressed as mean SEM calculated from seven individual values. Two-factor variance analysis was used to test the differences
between groups (control vs. immunized) and between days. NS = not significant.
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Table 3. Effects of lgG from control and immunized rabbits on
adenylate cyclase activity of tubular membranes purified from
control rats0
60
Time, rn/n
90 120
Means SEM calculated from six individual values are given.
CT = calcitonin. PTH = parathyroid hormone.
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Table 5. Effects of parathyroid extract on renal excretion of phosphate and cyclic AMPS
Phosphate
Cyclic AMP
urinary output
Creatinine
plasma concentrationUrinary output Renal clearance
smoie/hr mi/hr nmole/hr mg/liter
Control rats
Before 13.05 1.30 7.52 0.92 2.66 + 0.55 7.05 0.58
After 23.16 3.14k 15.37 2.28c 5.23 + 0.49k 6.78 0.18
Immunized rats
Before 20.27 2.95 14.39 2.28 3.45 0.60 9.64 + 0.49
After 23.51 2.66 15.24 1.85 4.69 0.65 9.00 0.45
Results are expressed as means SEM calculated from seven individual values. Student's t test with coupled values was used to test the
differences between the results obtained before and after parathyroid extract administration.
b p < 0.05.C <0.01.
branes with IgG, the results were related to Na-K-
ATPase activity which is a well known marker of
laterobasal tubular membranes. This mode of ex-
pression was chosen, because one could not be sure
that the washings performed at the end of the pre-
incubation had removed the totality of unbound pro-
tein. Thus, it was felt preferable to determine the
amount of receptor as a function of a specific marker
of tubular membranes rather than as a function of
total protein present.
The decrease in CT receptors and the suppression
of CT and PTH stimulation of renal adenylate cy-
clase activity could be due either to a direct effect of
the immunization process or to a disturbance of the
physiologic mechanism controlling the number of re-
ceptor sites which could result from changes in the
plasma levels of CT and PTH. It is proven from
numerous studies [19, 20] and particularly with CT
[20] that there is an inverse relationship between the
plasma concentration of a given hormone and the
number of its specific receptors. Plasma PTH was
greater in immunized rats, whereas plasma CT was
not significantly different in both groups. It is thus
unlikely that this mechanism would be playing a role
in the results obtained in immunized rats. A direct
effect of immunization on the receptor sites seems more
probable. This effect can be due either to the presence
itself of anti-IBM antibodies along IBM blocking
the access of these hormones to their receptors or to
the interstitial nephritis with tubular atrophy second-
ary to the deposition of antibodies. To settle this
question, in vitro studies were performed in which
membranes from control rats were incubated with
antibodies. Theoretically, these antibodies were
raised against TBM and not cell membranes. IgG
deposit was observed, however, using an immuno-
fluorescent technique when purified membranes were
incubated in the presence of anti-IBM antibodies.
This could be due to the heterogeneity of the anti-
bodies used, to the presence of cross-reacting anti-
gens in both TBM and cell membrane, or to the
contamination of the membrane preparation by some
IBM structure. The binding of [125!] CI to control
membranes was clearly smaller following incubation
with IgG from immunized rabbits than with IgG
from control animals, but the decrease in binding,
approximately 30%, was much less than that ob-
served using tubular membranes from immunized
rats, which was 85%. It is thus likely that in vivo these
two mechanisms, the direct effect of antibodies and
the secondary interstitial nephritis, play a role, the
main part being due to the latter.
The present study also shows that CI receptors
identified with binding of [125!] CI can be related to
the CT-sensitive adenylate cyclase present in the same
structure. Binding and stimulation were observed in
membranes from control rats, whereas binding was
markedly diminished and stimulation suppressed in
membranes from immunized rats, Basal activity of
adenylate cyclase was similar in both groups, and the
fluoride-sensitive activity persisted in part in the im-
munized rats, thus showing that the catalytic function
of the enzyme was little affected. Comparable results
were observed by Marx and Aurbach [6] after
Lubrol-PX treatment of the membranes. Low con-
centrations of this non-ionic detergent caused parallel
loss of [125!] CT-binding and CT-sensitive adenylate
cyclase activity but did not modify the basal and
fluoride-sensitive activity of this enzyme.
The difference observed in vitro between immu-
nized and control rats corresponds to a different be-
haviour in vivo. Immunized rats developed from the
ninth day after immunization an interstitial nephritis
with moderate renal insufficiency, as demonstrated
by the slight increase in plasma creatinine (Table 4).
The effects of exogenous PIH were clearly different
in both groups, since the renal excretion of phosphate
and cyclic AMP increased in control rats and remained
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unchanged in immunized rats, This confirms that
tubular adenylate cyclase of the latter did not re-
spond to PTH. Thus, these immunized rats constitute
a good model of PTH and CT renal receptor disease,
allowing the comparison of the absence of cellular
action of these hormones with its physiologic con-
sequences. This model could be used to further define
the role of PTH and CT in renal adaptation to a
moderate renal failure. Any extrapolation, however,
must be cautious, since the disease obtained in Brown
Norway rats is primarily a tubulopathy triggered by
anti-TBM antibodies.
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